renal tubular) rickets, type I (Dent, 1952) . Whereas it was originally regarded as a rare conditionFreeman and Dunsky (1950) found only some 30 cases in the literature up to 1950-Dent and Harris (1956) consider it the most common form of rickets in England at present. Possible explanations of its apparent increase are the diminished incidence of ordinary rickets in England following fortification of various foodstuffs with vitamin D, and an awareness of the family trait and the possible association of renal dysfunction with the resistant type.
Vitamin D-resistant rickets in many ways resembles true rickets (e.g. the changes in blood chemistry and histological appearance). However, there are differences between these conditions. The resistant type is familial (in the large family described by Winters, Graham, Williams, McFalls and Burnett (1958) ,it appeared asasex-linked dominant characteristic), the serum calcium is never low enough to cause tetany, the level of urine calcium in some is normal and the muscular weakness and hypotonia, so typical in classical rickets, is not very conspicuous. In addition, the patients usually appear well nourished and generally healthy. Very large doses of vitamin D or dihydrotachysterol (AT 10) are necessary to initiate mineralization. Furthermore, radiographs may show very little rachitic change at the bone ends, despite pronounced dwarfing and typical biochemistry. There is no excess aminoaciduria.
* Senior Bursar, Council for Scientific and Industrial Research. The aetiology of the condition is not fully understood. It is not a dietary deficiency of any known factor, nor is it due to lack of intestinal absorption of vitamin D, since intravenous vitamin D fails to evoke a response, and blood levels of vitamin D have been normal (Freeman and Dunsky, 1950) . A defect in renal function with resultant hyperphosphaturia has been sugsted by Fanconi (1936a, b) , Robertson, Harris and McCune (1942) , Dent (1952) and Jackson and Linder (1953) . This Case Histories A family of bow-legged children (Fig. 1) presented at the out-patient department. There were four children, three males aged 7, 9 and 11 years and one female aged 3 years. All were dwarfed but well nourished. As can be seen (Table 1 ) the dwarfing is mainly accounted for by the lack of growth of the lower segment. They had all been exposed to a great deal of sunlight and two of them (James and Elizabeth) had had 1 drachm of Vidaylin (=800 units vitamin D) daily for two months before being seen by us. Skeletal changes, which were strikingly similar in each, had first been noticed when they started to walk. There was anterior and lateral bowing of the tibiae and femora. The skull was normal and no protuberance could be felt in the ribs and wrists. There were no other abnormal findings clinically. The mother of these children had had an osteotomy at the age of 13, because of bowed legs, and the residual deformity was still apparent. We were unable to establish any other family history. (Fig. 2) . A lack of cakification particularly affecting the medial half of the epiphyses is characteristic of vitamin D-resistant rickets (Dent, 1958) . This is well seen in Elizabeth with subsequent calcification after therapy (Fig. 2c, d Table 3 . There was possibly a slight increase in glomerular filtration rate.
Response to Parathyroid Extract (Parathormone, Lilly). In view of the alleged tubular defect in this condition and the possible secondary hyperparathyroidism, the response to parathyroid extract was investigated (Table 4) . There was a poor phosphorus diuresis after the intravenous administration of 200 I.U. parathormone. However, the interpretation of this finding is obscure since we have found that not all normal subjects respond to intravenous parathormone (Dancaster, Schendel and Jackson 1959 (Jackson and Dancaster, 1959): (1) increasing absorption of calcium from the intestinal tract (Albright and Reifenstein, 1948) ; (2) increasing the serum calcium, presumably by drawing calcium from the bone and so tending to lead to decalcification (Dent, 1954) ; (3) increasing the urinary calcium by diminution in renal tubular reabsorption or possibly change in the form of the serum calcium. This is often the earliest action of all (Dent, 1954; Howard and Connor, 1954; Jackson, Hoffenberg, Linder and Irwin, 1956; Litvak, Moldawer, Forbes and Henneman, 1958 As we found in a patient with adolescent osteo-a malacia with raised resistance to vitamin D, there tl appears to be evidence, at least in some cases, that n both defective absorption of calcium from the gut a and a 'phosphate leak' into the urine may be k implicated in the aetiology of 'resistant rickets' g (Jackson, Dowdle and Linder, 1958) . vitamin D prevents progression of the deformity and enables growth to occur (a patient has been reported as growing 12 inches in six years (Albright, Burnett, Parson, Reifenstein and Roos, 1946) . Radiological control is probably the most satisfactory way of assessing progress because in some cases the abnormal changes in serum alkaline phosphatase and phosphorus may persist in spite of healing. In both our patients, the serum phosphorus returned to normal before there was any change in alkaline phosphatase, and there was radiological evidence of healing while the alkaline phosphatase was still elevated. The length of time during which therapy has to be continued is often difficult to assess. Most cases heal spontaneously at puberty. However, even after radiological evidence of healing, relapses have occurred after puberty (Christiansson, 1958) . The biochemical abnormalities may persist many years after epiphyseal closure. James has shown both radiological and biochemical healing after nine months therapy with large doses of vitamin D (200,000 units daily). However, after therapy had been discontinued for two months the alkaline phosphatase became elevated again (Fig. 4) . Although mineralization of the skeleton can be effected with vitamin D, there is still a lack of normal compact bone histologically (Engfeldt, Zetterstrom and Winberg, 1956 There was hypercalcaemia (11-6 mg./100 ml.) and a hypercalcuria of 840 mg./day at this time. When the dose was reduced from I million to 400,000 units the blood urea fell to 26 mg. and the hypercalcuria diminished although the hypercalcaemia persisted.
In Elizabeth, although the serum calcium went above 12 mg. on one occasion and was frequently between 11-12 mg., the urinary calcium did not exceed 110 mg. per day. A reduction in dose of vitamin D had little effect on hypercalcaemia, but after its discontinuance the serum calcium returned to normal within four days.
From these findings it appears that routine testing of the urine with Sulkowitch's reagent is not sufficiently accurate in this condition. There were no clinical findings to suggest hypercalcaemia in our children despite serum levels above 12 mg. per I 00ml., so that periodic estimations of serum calcium are essential.
Note on Genetics. The appearance of 'resistant rickets' in a mother, three sons and one daughter is compatible with a dominant sex-linked inheritance, the responsible gene being situated on the nonhomologous portion of the X chromosome. An affected father cannot pass on the condition to his sons, but the mother can pass it to both sons and daughters.
In the present family, of course, simple autosomal dominance would equally well fit, but sex-linked dominance seems more likely in this condition, judging from the work of Winters et al. (1958) and the data of Dent (1958 
